Using a unique firm level data set from the Chinese manufacturing sector, this paper analyses the impact of production subsidies on firms' export performance. It documents robust evidence that production subsidies stimulate export activity, although this effect is conditional on firm characteristics. In particular, the beneficial impact of subsidies is found to be more pronounced amongst profit-making firms, firms in capital intensive industries and those with previous exporting experience. Compared to firm characteristics, the extent of heterogeneity across ownership structure (SOEs, collectives and privately-owned firms) proves to be relatively less important.
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Non-Technical Summary
China's economic growth experience and particularly its emergence as one of the largest export nations has fuelled much recent debate. Dani Rodrik, for example, shows that China is now not only one of the world's largest trading powers but also that its export basket is significantly more sophisticated (in terms of containing more high tech goods) than would be expected on the basis of pure comparative advantage arguments. He also argues convincingly that China's industrial policies pursued since its opening up in 1978 have played an important part in shaping the current industrial structure and export activity.
Our paper examines in detail exporting activity at the level of the firm, and in particular the role production subsidies from either local or central government have had on this. Hence, we are attempting to provide an adequate evaluation of Rodrik's arguments, taking into account firm level heterogeneity and considering the potential endogenous selection when it comes to distributing subsidies. As concerns firm heterogeneity, an important aspect of China's industrial structure is the significance of state-owned enterprises (SOEs). Hence, we allow for differences between SOEs and other types of firms in China. But we also consider heterogeneity within ownership structure by exploring whether some firm level characteristics mediate the export-subsidy relationship.
In investigating the effect of subsidies on export activity it is important to recognise that subsidies are unlikely to be exogenous to exports. Rather it is more likely that governments select targets for subsidising based on certain firm characteristics which are systematically correlated with exporting. In our analysis we take particular account of the potential endogeneity of production subsidies using an instrumental variables Tobit estimator.
Introduction
China's economic growth experience and particularly its emergence as one of the largest export nations has fuelled much recent debate. Rodrik (2006) , for example, shows that China is now not only one of the world's largest trading powers but also that its export basket is significantly more sophisticated (in terms of containing more high tech goods) than would be expected on the basis of pure comparative advantage arguments. He also argues convincingly that China's industrial policies of "promotion and protection" pursued since its opening up in 1978 have played an important part in shaping the current industrial structure and export activity.
Our paper contributes to this debate by examining in detail exporting activity at the level of the firm, and in particular the role production subsidies from either local or central government have had on this.
1 Hence, we are attempting to provide an adequate evaluation of Rodrik's arguments, taking into account firm level heterogeneity and considering the potential endogenous selection when it comes to distributing subsidies. As concerns firm heterogeneity, an important aspect of China's industrial structure is the significance of state-owned enterprises (SOEs). While their importance has declined rapidly over the last two decades the share of industrial value produced by SOEs is still 34.1% in 2003 (Lui et al., 2006) . Given their ownership structure SOEs are likely to operate differently from privately and collectively owned firms and may also be subject to different policy treatments (Branstetter and Feenstra, 2002) . Hence, we allow for differences between SOEs and other types of firms in China. But we also consider heterogeneity within ownership structure by exploring whether some firm level characteristics mediate the export-subsidy relationship.
1 It is important to point out at the beginning that we are not considering export specific subsidies but general production related subsidies.
In investigating the effect of subsidies on export activity it is important to recognise that subsidies are unlikely to be exogenous to exports. Rather it is more likely that governments select targets for subsidising based on certain firm characteristics which are systematically correlated with exporting. For example, Eckaus (2006) discusses Chinese policies of subsidising loss making SOEs, and a firm's profit or productivity performance is likely to be correlated with its exporting status. In our analysis we take particular account of the potential endogeneity of production subsidies using an instrumental variables Tobit estimator due to Blundell and Smith (1986) .
Despite the potential importance of using explicit policies to promote exporting activity in many developed and developing countries, there are few empirical studies that have investigated this issue. One exception is the recent study by Bernard and Jensen (2004) on the determinants of exporting activity in the US which, amongst other things, investigates whether export promotion expenditures at the state level influence the decision of US plants to export or not. Their findings suggest little evidence of this factor encouraging participation in the global market by US manufacturers. Arguably, export promotion expenditures on their own may not have a significant effect on exporting, as the main aim of these policies is generally the provision of international market knowledge.
However, information on foreign markets per se may not be sufficient to ensure that firms can successfully compete on the international markets.
We investigate in particular whether production subsidies can play a role in promoting export activity. Our empirical analysis utilises an unbalanced panel dataset comprising of more than 98000 firms over the period 1999-2003, which includes the rare information of production subsidies received by Chinese firms. We find robust support that production subsidies can play a role in promoting export activity, even after controlling for a host of firm level determinants of export and the potential endogeneity of subsidies. In particular, we establish that the exporting effect of production subsidies is more pronounced among Chinese firms that are either in more capital intensive industries, are operationally efficient or have previous exporting experience.
The following section gives some overview of China's export performance and the use of production subsidies. Section 3 discusses some theoretical illustrations of possible effects of production subsidies on exporting and introduces our empirical approach to investigating this question. Section 4 describes the dataset while Section 5 presents the empirical results of our estimations. Finally, Section 6 concludes.
An overview of exports and subsidies
Exports
China's growing participation in international trade has been one of the most prominent features of its economic reform. Indeed, by now China's merchandise export is the third highest in the world and is the leader among the countries covered by the WTO in [ Figure 1 here] Several new products entered China's list of top merchandise exports shown in Rodrik (2006) .
[ Table 1 here]
Subsidies
The concept of a subsidy varies largely in terms of its purpose and scope. In general, it is regarded as an unrequited transfer from government to a private entity. This is the definition used by the WTO and it includes direct payments, tax concessions, contingent liabilities and the purchase and provision of goods and services (WTO, 2006 (Luo and Golembiewski, 1996) . [ Table 2 here]
By way of more specific examples of how subsidy policies work in practice, Jinshan district in Shanghai implements a policy for attracting investment in the following way:
For a firm that invests more than 10 million RMB in their business park can get a subsidy of 0.8% of its investment and can apply for subsidies of up to 800,000 RMB for any single application. 5 Zhuhai policies offer much more, in addition to 3 years free land, free office, 30% discount for electricity and communication fees, favourable conditions for bank loans, 3 Other than these direct payments from government, there is a fiscal device for encouraging export -the export rebate. Since 2000, government pays more than 100 billion RMB each year for export tax rebate. However, export rebate is not included in the definition of subsidy in Chinese government expenditure and is therefore not part of our analysis, which only considers production related subsidies. 
Theoretical illustration and empirical approach
The purpose of this paper is to try and establish whether there is a link between the policy of providing production-related subsidies and export performance at the firm level.
In this section we firstly provide a very simple model to illustrate the effect of production subsidy on a firm's export decision and export intensity. In order to allow for a simple 6 A notice from Zhuhai City: http://www.zhuhai.com.cn/otherview.asp?id=760 7 Ministry of Finance determines to examine subsidies to SOEs before the deadline of WTO, http://www.wtolaw.gov.cn/display/displayinfo.asp?iid=200309231449323843 8 Eckaus (2006) is highly sceptical of this argument, but there is a certain justification behind it. First, local government has rather great freedom in offering money and favorable policies to firms that are located in their regions. Second, for a long while, one of the main performance appraisals for local government was local GDP growth rate. Local governors work under pressure of reaching certain targets which are set up by higher government levels for their promotions. Enlarging exports and attracting investments are regarded as two quick means to achieve GDP growth. With regional competition getting stronger, local government tends to maximize their own benefits by adopting fiscal devices to subsidise those competitive firms, for example by direct payments, free land, tax rebates etc. For example, a listed car company, Shenyang SongLiao, received a subsidy of 100 million RMB in 2003 because Shenyang city set out a development strategy of focusing on the car industry. Although the company had been loss-making for two years by then, local government defined the company as a leading car firm and subsequently the firm received the subsidies.
exposition we consider a profit-maximizing monopolistic firm that faces downward sloping demand curves at the home(H) and foreign(F) market:
where and denote demand of a representative consumer and price set by a representative firm in market j, respectively. Let and denote the number of consumers and firm level output in market j , we have
Production requires a fixed cost F and constant marginal cost c, and exports incur sunk exporting cost F X and an extra per unit transportation cost τ . More importantly, we assume that the production subsidy S received by a firm is linear to its total output i.e. ,
where denotes the constant subsidy rate per unit output. Profit maximizing leads to the following firm level optimal domestic profit and sales
, and export profit and
It is clear from [4] that F π is increasing in s , as the effect of an increase in the per-unit subsidy rate is equivalent to a lowering of marginal cost, which raises a firm's incentive of exporting. A firm will be exporting, if c is sufficiently low or s is sufficiently large so that F π >0. In other words, subsidy can have a positive effect on firm's export decision.
However, it is not immediately clear how increasing subsidy impacts on the export intensity (
) of an existing exporter, since an increase in s will raise both and . Let 
Hence γ is increasing in s, indicating a disproportional response of exports to rising production subsidy than domestic sales, which leads to a positive effect of production subsidy on export intensity. Note that the magnitude of this positive effect is greater, the higher the firm's marginal cost c, the greater trade costs τ , and the larger the foreign-home market size ratio . Figure 1 shows a clear positive impact of the subsidy on domestic sales, exports, and export intensity.
As shown in the upper panel of figure 1, although both exports and domestic sales respond positively to a rising subsidy rate, exports rise more sharply than domestic sales.
As a result, the export intensity rises as shown in the lower panel 10 . To summarise, our simple theoretical model predicts a positive impact of production subsidy on both the 9 The parameter values based on which the figure is generated is 100
propensity of exporting (probability of becoming an exporter) and export intensity (share of exports in total output) at firm level.
11
[ Figure 2 here]
We take the prediction that production subsidies can impact positively on exporting as a guide for our empirical work. In order to investigate this hypothesis we model the determinants of a firm's export activity, paying particular attention to the role of subsidies in this respect. Specifically, we start off with an empirical model where a firm i either exports at time t with a positive (log) export turnover ( > 1) or it does not ( = 0). To determine the relationship between state subsidies (SUB) and the level of exporting, defined as the share of exports in total output, we formulate a Tobit model in terms of a latent variable model as follows:
where SUB is equal to the (log) value of the production subsidy firm i received from either local or central government and represents our main variable of interest. X is a vector of firm determinants of exporting intensity. The vector D consists of a full set of regional, two digit industry and time dummies. The choice of variables to be included in X is guided by the existing empirical literature on the determinants of exporting. Accordingly, we consider firm's export 11 Another justification for a positive effect of production subsidies on exporting may come from the recent theoretical and empirical literature on firm level export activity which argues that selling abroad involves sunk costs and it is only the "better" firms, i.e. those that are more efficient or productive, that are able to overcome these entry barriers and export successfully (Clerides et al., 1998; Bernard and Jensen, 1999; Melitz, 2003) . Hence government support specifically targeted at improving productivity related aspects of the firms' operations can assist them in overcoming barriers to exporting. Hence, if there is "learning by doing" (Ohashi, 2005) policies that affect the level of output can also have positive effects on exporting. Our rationale discussed above does not rely on such learning by doing effects. 12 Omitting base groups, there are in total 29 regional, 26 industrial and 4 year dummies.
experience, productivity, employment size, sales growth, as well as product innovation and training activity (the variables are defined in more detail below in Table 3 ). It is largely accepted in the literature that firms that are larger, more productive, more innovative and more skill intensive are more likely to export (e.g., Bernard and Jensen, 2004; Bleaney and Wakelin, 2002; Roberts and Tybout, 1997) and our choice of covariates reflects these findings. Furthermore, we include in the analysis two variables to capture the possibility that firms that have some level of foreign capital participation are more likely to export.
These variables are defined as the share of capital held by foreign multinationals in firm's total capital. In line with Girma et al. (2006) who find important differences in performance between foreign capital participation from owners from an "Ethnic Chinese"
background (Hong Kong, Macao, Taiwan) and those from other foreign countries, we calculate two variables of foreign capital participation labelled as "Ethnic Chinese MNE"
and "foreign MNE" respectively.
There are a number of variables in the above specification that are arguably contemporaneously determined with, or indeed impacted upon by, exporting and hence are potentially endogenous. One example is innovation activity. Arguably, more innovative firms are more likely to export as they can differentiate their products, however, it is also possible that exporting allows firms to access and learn foreign technology, implement this in their own operations and hence improve innovative activity in the home country. In other words, the causality can run both ways (for a recent discussion, see Lachenmaier and Wößmann, 2006) . Similar arguments can also be made regarding the potential endogeneity of employment size, productivity, employee training and foreign capital participation.
Subsidies are also likely to be endogenous if governments select firms with certain characteristics and exporting is correlated with these characteristics. For example, governments may choose either high or low productivity / profitability firms as their main recipients and exporting is likely to be correlated with these measures of firm performance.
In order to deal with the problem of endogeneity, we use the instrumental variables technique for Tobit models due to Blundell and Smith (1986) . We also formally test whether the assumption of endogeneity is borne out by the data at hand. 
Description of the data
13 A one-step variant of this estimator involving stronger distributional assumptions is also available (see Newey, 1987) . However, the estimator fails to attain convergence in our data. This type of convergence problem is frequently encountered when there are more than one endogenous regressors.
For the empirical estimation of equation (7) we draw on the Annual Report of Industrial Enterprise Statistics compiled by the State Statistical Bureau of China covering the population of state-owned enterprises and privately-owned and collectively-owned firms with annual turnover of over five million Renminbi (just above $600,000). It is estimated that the firms contained in this data set account for about 90% of total industry output. The Statistical Bureau performs several logic tests to ensure the accuracy of the information in the report and identify illogical data.
14 The data set includes information on gross output, sales, value added, exports, employment, net fixed assets, product innovation (defined as the production of goods involving new technologies and new production processes), employee training expenditure, profitability, firm ownership structure, industry affiliation, geographic location, and, most importantly from our point of view, the level of production related subsidies. The raw data available to us cover the period 1999 to 2003, and comprises of more than half a million observations from nearly 127,000 firms.
Our data set also provides information on the extent of foreign capital participation at the level of the firm. Domestic-owned firms are defined as either private, state-owned or collective enterprises with less than 25 percent share of foreign capital. 15 The information on firm level foreign capital participation enables us to calculate the share of foreign ownership in the domestic enterprise and identify the direct effects of foreign capital on the export activity of domestic firms as captured in equation (7).
The econometric work is based on domestically owned firms with a least two years data on all of the variables of interest, and in the final analysis we ended up with a total of 14 Different versions (in terms of coverage) of this data set are currently being used by academics (e.g. Jefferson and Huamao, 2004; and Hu et al, 2005) . 15 The data set distinguishes between foreign capital participation in domestically owned firms from Ethnic Chinese sources and other foreign sources. Once foreign participation exceeds this 25 percent threshold firms are classified as being foreign-owned multinationals. Our analysis does not consider such foreign owned firms as the determinants of exporting can be expected to be quite different for those two types of firms (e.g., Kneller and Pisu, 2004) , and because the focus of our paper is on the development of domestic exporters. Hence, we only use information on domestic owned firms in our analysis.
285,896 observations based on 98,637 firms. Of those, around 14% of firms received production subsidies at some stage during the sample period. Roughly 25 % of the observations come from SOEs, 39% from collectives and the remaining 36% relate to privately owned firms. Table 3 includes the definition of the variables included in equation (7) and some summary statistics. A few points are noteworthy. Firstly, privately owned firms have the highest average level of exports compared to SOEs and collectively-owned firms. They are also, on average, the most productive (in terms of value added per worker), have the highest growth rate of domestic sales, and the highest level of labour training. By contrast, SOEs are on average the largest (in terms of employment) and the most active in terms of product innovation (measured as the share of output involving new products or processes). Finally, not surprisingly, SOEs are, on average, the largest recipients of production subsidies.
[ Table 3 here] Table 1 above and Rodrik's (2006) view that China has not only become a significant player in export markets but also that its export basket is significantly more sophisticated than would be expected based on comparative advantage arguments.
The export performances of SOEs and collectively-owned firms are more diverse, however. While both types of firms show some positive export growth in high tech sectors, this performance is significantly less than that of private firms. Also, there are a large number of sectors in which exports by those two types of firms declined over the five year period analysed. Given that SOEs are on average the largest recipients of production subsidies from local or central governments this, at first sight, does not suggest any strong relationship between export activity and subsidies. However, the summary statistics of course do not allow us to get to the bottom of this issue as we cannot allow for firm heterogeneity, endogeneity of subsidies and the conflating effects of other variables. This will be done in the econometric analysis in the next section.
[ Table 4 here]
Given that our main interest is in the impact of production subsidies it is useful to get a better idea of which types of firms are likely to be recipients, before turning to estimating the empirical model described above. Therefore, Table 5 presents the results of an exploratory econometric analysis where we regress the log level of production subsidy received by firm i in time t on a number of firm characteristics which we may expect to be correlated with subsidy receipt. We find that, all other things equal, SOEs receive on average larger subsidies than collectively owned or private firms. The first result is in line with the summary statistics presented in Table 4 but now allows the conclusion that SOEs are more prominent recipients of subsidies even when controlling for some other firm characteristics. Irrespective of ownership structure the majority of enterprises in China are affiliated to some level of government administration (e.g. Lui et al, 2006) . The function of the relevant government body (local, provincial or central) is to offer credit guarantees and political protection, in return for some "management fees". Our exploratory work suggests that government-firm relationship is important in attracting production subsidies, with firms under the control or associated with the central government benefiting disproportionately more in this respect.
As to the other observables included in the model we find that, generally, larger firms receive higher absolute levels of subsidies and the profitability of the firm is negatively correlated with the level of the subsidy it receives. This is perhaps a reflection of the common policy of subsidising loss-making SOEs -a policy that China committed to end by 2005 with its accession to the WTO in 2001. Furthermore, we find for all types of firms, especially for SOEs, that exporting is positively correlated with the amount of subsidy received. It needs to be stressed this analysis is only exploratory and intended to shed some lights on the correlates of production subsidies in China. A fuller treatment of the issue is beyond the scope of this paper.
[ Table 5 here]
Econometric results
We now turn to the more formal econometric modelling of firm level export based on equation (7). In order to establish some benchmark results, Table 6 presents the findings of estimating equation (7) using an OLS, linear GMM, standard Tobit and endogenous Tobit estimator, respectively, in columns (1) to (4). The results from the OLS estimator are potentially biased as it does not take account of the left truncation of the dependent variable and the problem of endogeneity. The GMM estimator accounts for the latter, but still neglects the truncation problem. This is taken into account in the standard Tobit estimator, however, this treats all covariates as exogenous; as discussed above this is not a reasonable assumption for our model. The endogenous Tobit estimator allows for the endogeneity of the suspected variables. The instrument validity test within the linear GMM framework confirms the validity of the instrumental variable candidates, and the test for the null that the covariates are exogenous is emphatically rejected in both linear and Tobit models.
Hence we take the endogenous Tobit results as the most reliable. Still, comparing results we find that the coefficients are similar in terms of sign and significance, though there are some differences in the magnitude of the estimates. In what follows we concentrate on the estimates from the endogenous Tobit model.
In terms of the coefficients on the control variables included in the model, we find they all turn out as expected. In line with the literature we find that export activity is highly persistent as indicated by the positive and statistically significant coefficient on the dummy variable indicating previous export experience. We also find that firms that are more productive, larger, innovative active and training intensive and those that receive larger inflows of foreign capital tend to export more. Furthermore, firms with larger growth on the domestic market export less, as would be expected since their expansion is on the domestic market.
The variable of most interest to us is, of course, the production subsidy and we find that this has a positive effect on the level of exports, as expected from our theoretical discussion. We find that doubling production subsidies would, on average, lead to a 3.2%
increase in the level of exports. This result is, thus, in line with Rodrik (2006) who also stresses the important role policy has had on China's export performance. However, it contrasts somewhat with Bernard and Jensen (2004) who find that state support has had no significant effect on the probability to export of firms in the US. However, a number of differences in the analyses are worth pointing out. Firstly, our subsidy measure captures production subsidies to firms while Bernard and Jensen explicitly measure export promotion activities at the level of the state. These are likely to consist mainly of efforts to collect information on foreign markets to lower entry barriers, or a co-ordination role for current and future exporters, and are hence quite distinct from financial assistance related to actual production. Secondly, our data relate to an emerging economy which has a much greater potential for new firms to enter export markets than in a mature economy like the US.
[ Table 6 here]
The results thus far constrain the effect of subsidies on exporting to be the same for all firms. This misses important aspects of heterogeneity in our sample. We attempt to explore some of these facets in further results in Table 7 where we allow the coefficient on subsidies to vary according to some given characteristic. In column (1) we interact the subsidy variable with a dummy equal to one if a firm operates in a sector that is judged to be relatively labour intensive. Rodrik (2006) argues that Chinese policy was in particular directed towards building up knowledge and export capability in high technology sectors (contrary to its natural comparative advantage in labour intensive products) and we may therefore expect that subsidies had a larger influence in those sectors. Our result on the interaction term is in line with this contention. While firms in less labour intensive sectors benefit from subsidies in terms of having larger exports, the impact of subsidies on exports in firms in labour intensive sectors is essentially less than half as important compared to firms in capital intensive firms 16 .
In column (2) we interact subsidies with a dummy equal to one if a firm is loss making. This explores the impact of China's particular policy of granting subsidies to loss making SOEs which were an issue during WTO negotiations (Eckaus, 2006) . Our results
show that there is no evidence that such subsidies had any positive effect on export activity, while subsidies to firms with positive profits acted as stimulants for increasing exports.
Finally, column (3) indicates that firms with previous export experience are the benefactors from subsidies in terms of being able to further improve exports, while firms without such previous experience show no such benefits. This also serves to reconcile our paper with Bernard and Jensen (2004) as they only consider the probability to export for firms and find that export promotion does not increase this probability. We also find no effect on firms that previously did not export, but only find positive impacts for firms that are already experienced exporters.
[ Table 7 here]
Another aspect of heterogeneity in our sample is ownership. In the analysis thus far we pool data for state-owned, collectively-owned and private firms. In order to capture possible differences in firms' benefits from subsidies, we split the sample into three subsamples for each type of ownership and estimate the model separately on these. The results are reported in Tables 8 to 10 . When considering the effect of our control variables the most striking difference is that labour training is only consistently positive for SOEs. Apart form this the impact of all other control variables is qualitatively similar across the ownership structure, while recognising that the magnitude of coefficients is also somewhat different in the three samples in a number of instances. Also when exploring the role of firm characteristics in the export-subsidy nexus, we fail to find statistically significant differentials across the ownership structure.
[ Tables 8-10 here]
Conclusions
Using a unique data set from the Chinese manufacturing sector, this paper analyses the impact of production subsidies on firms' export performance. It documents robust evidence that production subsidies stimulate export activity, although this effect is conditional on firm characteristics. In particular, the beneficial impact of subsidies is found to be more pronounced amongst profit-making firms, firms in capital intensive industries, and those with previous exporting experience. Compared to firm characteristics, the extent of heterogeneity across ownership structure proves to be relatively less important.
So it appears that the answer to the question posed in this paper is affirmative. But 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 %change Source: China's customs statistics Per unit subsidy(s) Export intensity 
Notes:
a. Profitability is defined as pre-tax profit/total sales b. The central provincial and local government dummies indicate the level of the firms political affiliation. Firms no political affiliation constitute the base group. c. Robust standard errors in parentheses d. significant at 10%; ** significant at 5%; *** significant at 1% e. All specification include the full set of time, two-digit industry and regional dummies. Notes: a. Standard errors in parentheses b. * significant at 10%; ** significant at 5%; *** significant at 1% c. All specification include the full set of time, two-digit industry and regional dummies 
